Three-dimensional (3D) multiple-input multiple-output (MIMO) system can exploit the spatial degree of freedom in vertical dimension and can significantly improve system performance compared with 2D transmission scheme. However, in the actual frequency division duplex (FDD) transmission mode, the large overhead of the reference signal and channel state information (CSI) feedback would become a barrier for performance improvement of 3D MIMO system with the significantly increased number of transmit antennas. To deal with these problems, this paper proposes a new transmission scheme of the channel state informationreference signal (CSI-RS), where the CSI-RS is precoded with 3D beamforming vectors and composed of two components: longterm CSI-RS and short-term CSI-RS. For the purpose of conducting efficient transmission in widely used FDD system, we also propose a corresponding limited channel state information feedback scheme. Moreover, multiuser pairing and scheduling criteria based on the design of the CSI-RS are proposed to realize the multiuser transmission. We have investigated multiple options for 3D MIMO codebook scheme and finally adopt the Kronecker product-based codebook (KPC) for precoding operation at the base station (BS). Simulation results demonstrate that our proposed scheme for the 3D MIMO system achieves a better tradeoff between resource overhead and throughput performance.
Introduction
Orthogonal frequency division multiplexing (OFDM) and multiple-input multiple-output (MIMO) provide substantial gains in system throughput and spectrum efficiency [1] . They have been accepted by current and next generation wireless standards such as Long-Term Evolution (LTE) and LongTerm Evolution-Advanced (LTE-A) systems [2, 3] . In traditional MIMO systems, with uniform linear array (ULA) deployed at the BS, the downtilt angle of beams is fixed and the propagation is restricted in the two-dimensional (2D) horizontal plane [4] . Therefore, the base station (BS) can simultaneously provide service to several users located in different horizontal directions by choosing beams with different azimuths. However, the users in the same horizontal directions cannot be served at the same time as illustrated in Figure 1 (a). On the other hand, through the use of active antenna systems (AAS) with uniform planar array (UPA) structure, the elevation dimension is exploited and the transmit beams can be formed in the three-dimensional (3D) space, which initiate the emergency of 3D MIMO techniques [5, 6] . As a result, illustrated in Figure 1 (b), the BS is able to simultaneously serve several users who have the same azimuth but are located in different elevation angle [7] . Compared with 2D MIMO, the 3D MIMO system significantly improves vertical coverage and overall system capacity, which have attracted more and more attention [8, 9] .
In order to conduct efficient transmission in 3D MIMO system, the BS must receive accurate downlink channel state information (CSI) for user equipment (UE) scheduling and modulation and coding scheme (MCS) selection. In the traditional FDD LTE-A system, the instantaneous CSI, including the precoding matrix indicator (PMI) and the channel quality indicator (CQI), can only be measured at the UE side and then fed back to the BS. In this light, the measurement of the CSI at the UE should be of great importance. Third Generation Partnership Project (3GPP) LTE-A Release 10 has introduced channel state informationreference signal (CSI-RS), a sort of common pilot used for all UE for downlink CSI measurement. However, the resources consumed by reference signals grow in proportion to the number of transmit antennas [10, 11] . Hence, with the significantly increased number of transmit antennas for 3D MIMO system, many of the attainable MIMO gains are canceled out by the increased resource overhead of reference signals.
Several researches have tried to deal with the above problems. Reference [5] proposed a separate azimuth and elevation CSI-RS configuration, which use two sets of CSI-RS ports, corresponding to one row and one column of the transmit antennas to estimate the CSI. It is obvious that this method has reduced the CSI-RS overhead sharply; however, the CSI-RS transmitted by partial transmit antennas would lead to inaccurate PMI selection, which degraded the transmission performance of 3D MIMO system to some extent. Therefore, for the sake of acquiring relatively accurate channel state information, [12] proposed a scheme to precode the CSI-RS symbols with the elevation beamforming vectors. However, the number of CSI-RS ports in this scheme is proportional to the number of elevation beams , besides the number of antennas (ℎ) placed in horizontal dimension. For accurately measuring the CSI, the overhead of the CSI-RS would become a barrier for the scheme proposed in [12] to improve the system throughput. Reference [13] proposed a transmission scheme based on mobile station (MS) compensation, the basic principle of which is very similar to [12] , so we do not discuss the details of it anymore.
In the 3D MIMO system, the deployment of massive antennas at the BS and the additional spatial degree of freedom in vertical dimension would lead to the large increase of the codewords. Therefore, some other researches have also been conducted to design the new codebook for 3D MIMO and corresponding limited channel state information feedback scheme. Reference [14] proposed adaptive codebooks based on the channel correlation matrix, which only considered the single-user transmission systems. Symmetric and asymmetric codewords' clustering method was proposed in [15] , which takes the nonuniform distribution property of users' downtilt angles into consideration. And a new fast codebook searching method was proposed in [16] to reduce the calculation time of the feedback value in 3D MIMO system. The existing methods made some contributions to reduce the feedback overhead or computation complexity. However, they all assumed that the perfect channel state information was received at the BS, which is not realistic in the actual 3D MIMO system.
In this paper, we investigated the 3D MIMO downlink transmission system and proposed a new transmission scheme of CSI-RS, along with the channel state information feedback. Moreover, the methodology of this paper can be extended to other mobile systems, such as the massive MIMO system, and the future small cell scenario. Our contributions in this paper can be summarized as follows.
(i) First, we investigate multiple options for 3D MIMO codebook scheme and confirm the 3D precoding based on the KPC codebook according to the properties of the 3D spatial channel.
(ii) Then, we precode the CSI-RS with 3D beamforming vectors originally and divide it into two components: long-term CSI-RS and short-term CSI-RS. The longterm CSI-RS coarsely detects the channel's main direction information of the UE. The short-term CSI-RS is used for fine positioning.
(iii) Two kinds of transmission methods of the short-term CSI-RS are designed for the SU-MIMO system and MU-MIMO system separately.
(iv) In order to conduct efficient transmission in FDD system, a low-overhead channel information feedback
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(v) Furthermore, we propose a multiuser pairing and scheduling criteria evolved from the best companion cluster (BCC) approach to achieve the multiuser transmission. (vi) Finally, we carry out the in-depth analysis of the proposed and existing schemes, which includes an assessment of their throughput performance and resource overhead in both SU-MIMO system and MU-MIMO system. Simulation results show that our proposed scheme achieves better tradeoff between resource overhead and throughput performance.
The rest of this paper is organized as follows. Section 2 describes the 3D MIMO system with UPA antenna array and derives the Kronecker product-based codebook (KPC) based on the 3D MIMO channel model. Subsequently, we discuss the existing CSI-RS design issues and propose a new CSI-RS design scheme along with the corresponding CSI feedback scheme for 3D MIMO in Section 3. Performance evaluation results are depicted in Section 4, while Section 5 concludes the paper.
3D MIMO System Model

Antenna Array Model.
In 3D channel modeling, the departure and arrival angles have to be modeled using not only the azimuth angle in plane but also the elevation angle with respect to the axis [8, 17] . A spherical coordinate system for 3D channel model is shown in Figure 2 (a), where ⃗ is the given direction and ⃗ and ⃗ are the spherical basis vectors. On the other hand, a UPA antenna array is adopted at the BS as the 3GPP 3D MIMO spatial channel model (SCM) recommends [18] ; that is, antenna elements are placed in the vertical and horizontal direction as Figure 2 
Downlink MU-MIMO Transmission Model.
We consider a downlink MU-MIMO system with ( = (ℎ) × (V) ) transmit antennas at the BS and receive antennas for each UE, where (ℎ) and (V) represent the number of antenna elements deployed in horizontal dimension and vertical dimension, respectively, as illustrated in Figure 2 (b). It should be noted that we mainly discuss a single cell scenario in this paper and assume that the UE is uniformly distributed over the cell. A block diagram of downlink 3D MU-MIMO transmission model is shown in Figure 3 . As the figure illustrated, all the users should estimate CSI utilizing downlink reference signals firstly and then feed back their own CSI to the BS. Finally, the BS can efficiently schedule users and choose the optimal precoding matrix to conduct downlink multiuser transmission. Assume that the coscheduled UE number is 2. Hence, the received signal at the UE ( = 1, 2, . . . , ) over a flat-fading channel can be expressed as
where ∈ C ×1 and ∈ C ×1 are transmit symbols for UE and UE satisfying E{ } = E{ } = 1 and is the transmission data stream for each UE. Symbol E{⋅} represents the expectation with respect to all random variables within the brackets, and the superscripts (⋅) represent the conjugate-transpose operation. For simplicity, in this paper, we consider = 1; that is, the rank of data stream is one. /2 is the transmit power for each UE scheduled at one time by the BS and is the total transmit power. H ∈ C × is the channel matrix of the UE , while W ∈ C × and 
W ∈ C
× are the precoding matrix for UE and UE , respectively, corresponding to 3D channel. ∈ C
×1
is zero-mean circular symmetric complex additive Gauss random noise vector, satisfying ∼ CN(0, 2 I ). The first term in (1) is the desired signal for UE , while the second term represents the interference signal from UE . Thus, the signal to interference plus noise ratio (SINR) of user can be expressed as (2) when considering the minimum mean square error (MMSE) receivers at the UE side:
where
Thus, based on (1) and (2), the system throughput can be expressed as follows:
2.3. Codebook Scheme. The discrete Fourier transform-(DFT-) based codebook has been proved to provide a good fit to the channel characteristic in highly correlated channels with ULA [19] . For this reason and its simplicity, the LTE-A standard prefers the DFT-based codebook proposed in [20] , which only considers the horizontal domain. When the BS is equipped with UPA, the vertical domain is greatly exploited as mentioned before and the beam direction can be adjusted in 3D space feasibly. Thus, the DFT-based 2D codebook has been expanded to the 3D-based codebook through Kronecker product of two oversampled DFT codewords in [15] . To be specific, the Kronecker product-based codebook
where = 0, 1, . . . , ℎ − 1 and = 0, 1, . . . , V − 1, while (⋅) represents the transpose operation and ⊗ represents the Kronecker product. ℎ and V denote the number of codewords in the horizontal codebook and vertical codebook, respectively, while (ℎ) and (V) represent the number of horizontal and vertical antenna elements in BS, respectively. The horizontal codebook is a (ℎ) -sized DFT codebook with the oversampling factor ℎ / (ℎ) . Due to the vertical angle constraint, the vertical codebook is chosen as a subset of (V) -sized DFT codebook, where the oversampling factor is 
Figure 4: Block diagram of transmitting CSI-RS and measuring the corresponding CSI.
. is a parameter adjusting the size of the subset, which is determined by the maximum downtilt.
Transmission Scheme with Limited CSI Feedback
In the traditional FDD LTE-A system, the CSI-RS symbols are mapped to the Resource Elements (REs) on different carriers in frequency domain and at different OFDM symbols in time domain or are multiplied by orthogonal codes to maintain orthogonality between transmit antenna ports at every downlink slot [21] . The number of CSI-RS ports is always equal to the number of transmit antennas in the BS to estimate the channel coefficients H 2D between every transmit antenna and every receive antenna, which can be used to calculate the CSI [22] . However, if this method is applied to the 3D MIMO system directly without modification, the number of CSI-RSs to be transmitted increases in proportion to the number of transmit antennas at the BS; more resources must be allocated for CSI-RS transmission in a slot. As a consequence, the number of resources to be allocated for data transmission decreases, resulting in a reduction of downlink transmission capacity. In this light, the new design of CSI-RS should be considered.
As mentioned in Section 1, there are mainly two schemes about the design of the CSI-RS in 3D MIMO system at the present, that is, separate azimuth and elevation CSI-RS configuration (SAEC) and precoded CSI-RS with elevation beamforming (PCEB). SAEC can reduce the CSI-RS overhead sharply; however, it would lead to the inaccurate measurement of the CSI. Compared to SAEC, PCEB can improve the accuracy of measuring the CSI. However, it would require more reference signal overheads because the CSI-RS ports in this scheme are proportional to the number of elevation beams.
In order to achieve the target for more accurate estimation of the 3D channel and lower resource overhead of the reference signal, we propose a new design scheme of CSI-RS which precoded with 3D beamforming vectors W 3D as stated in Section 2. A block diagram of transmitting the CSI-RS at the BS and measuring the corresponding CSI at the UE is shown in Figure 4 . As the figure illustrates, the CSI-RS is composed of two components: long-term CSI-RS and short-term CSI-RS. The long-term CSI-RS coarsely detects the channel's main direction information of the UE. The short-term CSI-RS is used for fine positioning. It is obvious that the period of transmitting long-term CSI-RS, denoted by
Design of Long-Term CSI-RS.
The BS first generates long-term CSI-RS symbols P = [ 0 , 1 , . . . ,
−1 ] to be transmitted for the corresponding antenna ports. The longterm CSI-RS symbols are random sequences or pseudorandom sequences that are known to both or any of the transmitter and receiver. The symbol P will be precoded with 3D beamforming vectors to make a coarse detection of UE's direction information in the three-dimensional space.
The 3D beamforming vectors are the codewords in KPC expressed by (4) . Considering the correlation between different codewords, some codewords can be clustered in the same subset, especially for those with adjacent beams. We divided the codewords in KPC presented in (4) into uniform ( = ℎ × V ) groups, while ℎ and V are the number of horizontal and vertical groups. In this paper, each group of the KPC is denominated as the basic beam subset, and each basic beam subset contains beams. Where set of codewords in the th horizontal group and in the th vertical group can be described below separately:
The final basic beam subset B ( = 0, 1, . . . , − 1) can be expressed as
Taking V = 8, ℎ = 32, ℎ = 8, V = 2 case as an example, the KPC can be grouped into = 16 subsets; each subset contains = 16 beams as shown in Figure 5 . Subsequently, precode on the CSI-RS symbols with the beamforming vectors in each basic beam subset B ( = 0, 1, . . . , − 1) to generate beams to be transmitted through the respective antenna ports. The precoded CSI-RSs in the same basic beam subset are allocated in the same resource reuse group. The precoded CSI-RSs in the same resource reuse group share the same time-frequency resource of OFDM, which can be expressed as
where represents the long-term reference signal to be transmitted in one time-frequency resource of OFDM through the respective CSI-RS ports in every 1 period interval. Since the UE takes a long time to move out of the coverage of the beams in one group, the long-term reference signal can be transmitted less frequently. Through this resource reuse scheme, it is possible to dramatically reduce the number of resources multiplexed in code, frequency, and time domains for channel information transmission, which only needs resources. Taking The signal received by the th UE with reference to CSI-RS resource used by the reuse group is
For is known to both the transmitter and the receiver, the UE can estimate the average equivalent channel gain (1/ )| ∑ ∈B H | to determine the greatest resource and feed back the beam subset index (BSI) * indicating the greatest resource to the base station. It should be noted that multiple beams in one subset are simultaneously transmitted on a CSI-RS resource such that the index * denotes the BSI other than the beam index. The coarse CSI acquired by transmitting the long-term CSI-RS is used for accurate selection or generation of fine precoders, which will be discussed in the next part of this section.
Design of Short-Term CSI-RS.
After receiving the coarse CSI at the BS, the short-term CSI-RS is transmitted for fine detection. For single-user (SU) MIMO, when the BS receives the long-term CSI * , the BS will transmit the beams in the * th basic beam subset, which will realize the fine International Journal of Antennas and Propagation measurement of CSI for each UE. The accurate CSI calculated by the UE for SU-MIMO contains PMI and CQI, where PMI is the precoding matrix index indicating the codeword in the KPC and CQI is the channel quality indicator reflecting the short-term channel condition. Besides, we propose a feasible design method of short-term CSI-RS for MU-MIMO joint limited CSI feedback, which is evolved from the most popular CSI feedback scheme in MU-MIMO system-best companion cluster (BCC) [23] . Compared to SU-MIMO, the MU-MIMO needs more feedback information. User ( = 1, 2, . . . , ) should feed back its best beam subset index * and best interference beam subset index * which includes PMIs indicating the smallest interference. Moreover, the coarse channel quality information ( ) and accurate channel quality information ( ) of user should be fed back when interference exists. In downlink, the BS uses these feedback values to conduct user scheduling and beam selecting and then implements multiuser transmission.
SU-MIMO.
Through the transmission of the long-term CSI-RS, the receiver of the UE can estimate the average channel gain to determine the BSI as follows: * = arg max
Then the BS acquires * from the UE through uplink feedback channel and transmits the CSI-RS symbols precoded (10), where ∈ B * :
It should be noted that, for the short-term CSI-RS, each of the precoded CSI-RS symbols in the resource reuse group occupies the one time-frequency resource of OFDM, which is different from the long-term CSI-RS. At the UE, corresponding receiving signal is
For is known to both the transmitter and the receiver, the UE can calculate the accurate CSI through the estimation of average equivalent channel gainH = |H | 2 and then selects the best beam and feeds back * , which determines the 3D MIMO beamforming vectors and can be calculated as * = arg max
Finally, the BS uses this limited feedback information to conduct effective data transmission for the UE.
Another important aspect we should pay attention to is that when the BS is transmitting the long-term CSI-RS, the UE can only estimate the coarse CSI which cannot be used for the PMI and MCS selection at the BS. While receiving the coarse CSI, the BS precodes the data with the beamforming vector selected at the previous moment, which shows that little performance degradation for the 3D channel is highly correlated and the long-term CSI-RS has a relatively longer transmission period. To explain this more specifically, we draw the snapshot of selecting time-domain PMI of one user randomly distributed in the cell as Figure 7 (a) shows and the statistical distribution histogram of the probability of PMI change every 5 ms considering multiusers as Figure 7(b) shows. The variable delta in Figure 7 denotes the change degree of PMI index every 5 ms, and the UE's moving speed is assumed to be 3 km/h. From the figure, we can obtain that the PMI is changing slowly as time goes by, and the vertical PMI is changing more slowly than the horizontal PMI. Thus it verifies that the design of our scheme is reasonable.
MU-MIMO.
Taking advantage of multiuser diversity and spatial domain, MU-MIMO can achieve significantly high cell spectrum efficiency by enabling multiple users to share the same time and frequency resource. For simplicity, we propose the two-user pairing algorithm and the BS schedules the two users at one time based on the limited feedback information which is evolved from the BCC.
When the BS transmits the long-term CSI-RS, each UE calculates the coarse CSI. To maximize the received power and keep the interference power low enough, the UE should select its preferred basic beam subset * and the best interference beam subset * through the following equations: * = arg max
The coarse CQI of the user is conservatively estimated as follows:
Each UE should feed back the beam subset index pair ( * , * ) and its own coarse CQI to the BS. Having received all the information that users fed back, BS uses these feedback values to implement user pairing and scheduling and transmitting corresponding short-term CSI-RS, which can be described in the following steps.
Step 1. The BS first selects a primary user with the maximum coarse CQI. Then, an index pair ( * , * ), which consists of the preferred beam subset index * and the interference beam subset index * of user , is formed.
Step 2. Then, the BS searches the potentially paired users of the primary user , while the potentially paired users have the corresponding index pair ( * , * ).
Step 3. If pairing is successful, the BS transmits the beams in the * th basic beam subset and the beams in the * th beam subset, which can be configured in the same subframe or different subframes. In a 3D MIMO system using 64 transmit antennas and 256 beams, if one beam subset contains 16 beams, the transmission of short-term CSI-RS configured in different subframes is depicted in Figure 8 . Otherwise, if pairing is not successful, the BS should randomly choose the pairing cluster to be transmitted. As Figure 7 shows, due to the slow changing of the PMI, the CSI-RS transmitted in the two subframes would lead to little performance degradation.
Step 4. The UE receives the corresponding response information of the reference signal and selects its best 3D beamforming vector. The UE in the paring beam subset selects its own best 3D beamforming vectors and feeds back its PMIs to the BS. The BS selects the secondary user whose CQI is the maximum one of successful paired beam subset as the best pairing user. The PMI of user can be obtained as (15) and the CQI of user can be conservatively estimated as (16) :
Step 5. Finally, the BS schedules the primary and secondary users for transmission and does precoding according to the corresponding PMIs. The BS is equipped with the UPA structure with the number of vertical transmit antennas (V) = 8 and horizontal transmit antennas (ℎ) = 8. 3D SCM channel model is adopted, and urban macro in NLOS condition is selected. The number of vertical beams for the SAEC and our proposed scheme is 8. However, as stated in [12] , when the number of vertical beams is greater than 4, the throughput of PCEB goes down due to the large growing CSI-RS overhead. Thus, we did not consider the case when the number of vertical beams is greater than 4 for the PCEB. In addition, we consider that the UE speed is 3 km/h, of which the channel is highly time correlated.
Performance Evaluation
For system-level simulation, we consider a single cell system where users are uniformly distributed in the cell, with a minimum distance of 25 m away from the BS. The overhead of CSI-RS, other types of RSs, downlink control signaling has been excluded from the throughput. We also consider the high rise situations to simulate the practical scenario by adjusting of V in (2). For example, as illustrated in Figure 9 , the value of can be selected as {−3, −2, −1, 0, 1, 2, 3, 4}, covering all the potential situation including both the high rise and the ground. We also assume that the UE has independent uniform distribution between 1.5 meters and 50 meters in height. The pairing and scheduling algorithm of the SAEC and PCEB is BCC; some other major simulation parameters are summarized in Table 1 . As for link-level simulation, we selected one user located in the cell and evaluate its throughput performance based on different SNR.
The numbers of CSI-RS resources required by three schemes are given in Table 2 . The CSI-RS overhead for SAEC is constant when the antenna configuration is determined and can be expressed by the horizontally positioned CSI-RS antenna ports, and can be expressed by (ℎ) , where represents the number of elevation beams. However, the overhead of proposed CSI-RS design is determined by the number of the basic beam subset as well as the number of beams in each subset . The CSI-RS overhead of our proposed scheme is not constant during different transmission period because the long-term CSI-RS and the short-term CSI-RS usually consume different resource overhead. Thus, in order to compare more accurately and more fairly, we calculated the equivalent overhead of the proposed CSI-RS scheme by the following equation:
where 1 and 2 represent the long-term CSI-RS transmission period and short-term CSI-RS transmission period, respectively. From Table 2 , we can conclude that the proposed scheme has a lower overhead of reference signal compared to Transmission period of long-term CSI-RS 100 TTIs Transmission period of short-term CSI-RS 1 TTI Feedback delay 6 ms CSI-RS and DMRS channel estimation Ideal UE receiver assumption MMSE Table 2 : The CSI-RS overhead comparison of different schemes.
the PCEB in the SU-MIMO system. However, it has no advantages in terms of MU-MIMO system. When the codebook is not so large (e.g., users are uniformly distributed in the 120 ∘ sector of a cell), the proposed CSI-RS configuration would save the CSI-RS overhead considerably. Figure 10 compares the throughput of three schemes for the 3D SU-MIMO system based on 3D SCM channel. The size of BS antenna array is
Simulation Results and Analysis.
, and the number of receive antennas is 2. From the figure, it can be seen that the throughput of the SU-MIMO system using the proposed transmission method based on 3D beams is higher than the existing schemes. The proposed scheme achieves approximately average 3 dB better throughput performance than the SAEC and about 1 dB than the PCEB. When the SNR reaches 10 dB, the PCEB suffers performance degradation, compared to the SAEC and our proposed scheme, due to the relatively large CSI-RS overhead. Figure 11 shows the MU-MIMO throughput performance comparison of three different CSI-RSs when the UE is distributed in the whole cell scenario. The proposed scheme still achieves a little gain over the PCEB although it does not have advantage in CSI-RS overhead represented in Table 2 . It is mainly because the number of vertical codebooks of the PCEB is small, so that the beams vertical HPBW is not narrow enough. Moreover, if the number of users distributed in the cell increases, the system throughput of the three schemes increases due to the successful paired rate growth. And the performance improvement by the proposed scheme becomes more significant, compared to the existing schemes. Performance of the three schemes is also tested in a 120 ∘ sector of a cell. In this scenario, the number of horizontal codewords is a subset of ℎ in (2), since the beams in ℎ cover the whole 360 ∘ plane. As a result, the codewords of horizontal dimension are reduced and the proposed scheme shows a better performance improvement compared to the PCEB as shown in Figure 12 .
In order to illustrate the benefits of 3D MIMO, Figures  11 and 12 also show the throughput performance of the conventional 2D MIMO system, of which the vertical beams are one. From the figures, we can observe that the 3D MIMO system significantly improves system throughput compared to the 2D MIMO system, since more vertically stacked antenna elements can exploit more spatial degrees of freedom.
Conclusion
In the 3D MIMO system, tens or even hundreds of antennas are arranged at the BS. Increase of BS antennas enhances the overhead of the reference signal and CSI feedback in the FDD transmission mode. In order to reduce the resource overhead and improve the system performance, in this paper, we proposed a new transmission scheme with limited channel state information feedback for 3D MIMO system. Based on designate Kronecker product-based codebook (KPC), the CSI-RS design scheme was proposed. Considering the correlation between different beams, we grouped the beams into several basic beam subsets, and each subset shares the same time-frequency resource to transmit the long-term CSI-RS. We also proposed the different design schemes of shortterm CSI-RS for SU-MIMO and MU-MIMO separately by using the coarse CSI feedback from the UE. Furthermore, we introduced the limited feedback schemes corresponding to the transmission of the two types of CSI-RS for link adaption and user pairing and scheduling. Finally, new multiuser pairing and scheduling algorithm evolved from the best companion cluster (BCC) approach was employed to achieve the multiuser transmission. Simulation results showed that our proposed scheme for the 3D MIMO system achieves a better tradeoff between resource overhead and throughput performance compared to the existing schemes.
